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SUPERANTIGEN INDUCED IMMUNE NON-RESPONSIVENESS 

INTRODUCTION 

Technical Figlri 

The field of this invention is 
immunomodulation . 

Background 

There are many reasons for wishing to modulate 
an immune response, while the immune system polices for 
the presence of foreign antigens, as a result of 
infection, tumors, or the like, in many situations there 
is a need to prevent an immune response. These 
situations vary from transplantation, to autoimmune 
dxseases, allergic responses, and the like, m such 
situations, the inhibition may vary from a relatively 
short term to a relatively long term. For the most 
part, immunosuppressive agents today tend to suppress 
the entire system, where compounds such as cyclosporin 
or FK506 are employed. The suppression of the entire 
immune system exposes the individual to high 
susceptibility to pathogenic infection. 

There have been many reports of naturally 
occurring immunosuppressive agents. Many pathogens are 
reported to have polysaccharide or glycoprotein which 
serve to reduce the ability of the infected host to 
respond to the pathogen. Viruses, such as HIV, are able 
to induce immunosuppression, reportedly based on 
inactivating helper T-cells. Antibodies to T-cell 
receptors are reported to reduce immune responsiveness. 

There is substantial interest in being able to 
develop agents which can provide some level of specif i- 
dty in modulating or reducing the immune response. 
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Relevant Literature 

Staphylococcal enterotoxin and Mis are 
members of a family of antigens termed superantigens . 
Carlsson et al . , J. Immunol . 140 s 2484-2488 (1988) and 
5 Peavy et al., ibid . 105 : 1453-1458 (1970); Festenstein, 
Transplant Rev . 15 ; 62-88 (1973); Janeway et al . , 
Immunol. Rev . 107 ; 61-88 (1989)* These compounds are 
. found to stimulate powerful polyclonal proliferative 
responses of murine and human T lymphocytes bearing 

10 particular T-cell antigen receptor V/J sequences. White 
et al. r Cell 56 ; 27-35 (1989) and Kappler et al., 
Science 244; 811-813 (1989). Superantigens have also 
been reported to induce T-cell non-responsiveness by 
clonal deletion or functional inactivation of T-cells. 

15 Kappler et al. , supra and Rammensee et al . , 339 ; 541-544 
(1989). Peptide specific T anergy induced in vitro is 
described in Lamb et al. , J. Exp. Med . 157 ; 397-405 
(1983) and Jenkins and Schwartz, J, Exp. Med . 165 ; 302- 
309 (1987) . Cloned human CD4+ T-cells specific for 

20 residues 307-319 of the carboxyl terminus of influenza 
virus HA. and restricted by HLA-DR1 is described by Lamb 
et al., Nature 399 ; 66-69 (1982) and Rothbard et al . , 
Cell 52; 515-523 (1988). 

25 SUMMARY OF THE INVENTION 

Immune non-responsiveness is achieved by 
administering an effective amount of at least a fragment 
of a super antigen, such as Staphylococcal enterotoxins 
to a lymphoid system comprising B and T-cells. 

30 

DESCRIPTION OF THE DRAWINGS 
In accordance with the subject invention, 
superantigens, fragments or derivatives thereof, 
particularly Staphylococcal enterotoxins, are used to 
35 modulate the immune response. By administering a 
sufficient amount of a at least a fragment of the 
Staphylococcal enterotoxin, which is active in binding 
to an appropriate receptor,, immune non-responsiveness 
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can be achieved. The receptor M y be any receotor 

associated with the i™ ^ 

receptor T-ceU receptor, etc. Particular^' the 

cell receptors can provide for clonal energy of T-cells 
whxch have the subunit which binds to the eLeroLL 
fragment. ln this way, only . portion of the "ceTl" in 

r>e made non-responsive. y 
C n ^ e o Staph y lococ °^ enterotoxins include A/ B 

particularly mouse I T ° f r0 "* nt ' 

cell r.~„* PrtMte, p^icularly human, T- 

:^r p : r ad T dt r r° ns ' °° re partic ^ 

st*^ i ^tion, these peptide portions of the 

is up regulated by tne" 

amino acids, and may be 20 ami™ / ab ° Ut 12 

and including the iT^ST ZT"^ *» 
£r t a9mentS " U1 "° — « which substantial^ rell't, 

derivatives may aV^^TST?; 

P aceaent with an unnatural amino acid. 

» -r=r r - ; — 

(1*86); Couch, J # L. et al t « t_ 

("88, , Betty, „. and^&airT^ T 2 ' 2954 - 2S6 ° 

«xamos, j., J . BacheTni , 170> 
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34-41 (1988); Boach, G. A. and Schlievert, P., Mot, Gen. 
Genet s 209 ; 15-20 (1987); Schmidt, J. and Spero, L., JN 
Bio. Chem. , 258 * 6300-6306 (1983); see particularly, 
Iandola, Amer. Rev. Microbiology . , 43 t 375-402 (1982); 
are as follows: 

TABLE 

1 10 20 30 40 50 40 

SEO SVJT EE ELBtt$EL5S?ALV~HIUCBfYADKMFX XGEKIfTGDQFLSMTLLYXIPrTOL XNFEDL 



SEA SEISEIIH 0 t QG I 01 IYYOCAK? UI QI X f C flSWYN 

seb sqpdp ro 5 Kf — cm vl & mrmxBv i- tpo x mo i c yohv 

SEC j SQPDPTPD A IF— C Rt VL D IYVIATXV V- X AHDX VXSDEX I YWV 

SEE SEE IN 0 It 0» «• UtflX TYVEXA f £10 PC CIFVTW 

SPEA QQDPDPSQ *- I V-11 O- XYFt IG9PVTIIXV V- L BID X IVI--C-P TDI 

70 10 $0 100 UO 

SEO LIMrHSIfKAQHFXSmVPVTfFIWSWafGCEXD— RtACTTGCVTFIKXELEEJUUt 



SEA V© D DIVCIT CI & GAY GYQ A f-W-— H t ON I f I 

SEB KVt III DL MY 0 y PCAS YYC F SSlTSDXMBCtMU - 11 I I Q DKYM 

stCj rrrixKECL m dbv gss tv rtix xvov— wc-t - r i i irowaiL 

SEE VDLC OATWnf C K I GAI CTQ A T-PI £ h I M A T I 

spea rrcucvo nr d x gvi t» lc — eai— — — i i i i hp 

120 130 140 ISO 140 170 1M 

SEA V t 0 I Vt f &¥ B I i m« t TO f tTw 

SEE TV IVFID t-Itt P - 08m JVi I V ■ tfOUPYTTGYX PXB-M 

sec : omv- • tvn -urn n- i g a xs bp xno sFiumrcrx pxto 

set v — o i tt px s f i li iam $ » r t v o 

spea wivi — d i i-t r -ii i ■ a mi mo t GPtmrors pxpm 

1P0 200 210 22t 

SID SDGSXVimFDVtGDrPaOLCTlOVfL-fmUXDXTtTtt* 



SEA TIPS I GAQ QYtfVTt I XI - ■ tf * 

SEB EKSnfTWXPAPC&f FDQf TMil *TO -iOTO k? ffp 

sec 1 GKtnntOKRPAPGUPiooo r m i ?D -cm ro « ao« 

see e t aq or on. i ib - 1 in* 

spea KEsnrropppEPi— *toi t k i i o -mo iv ?r * 



Alignment of the protein sequences of the Staphylo- 
coccal enterotoxins and Streptococcal pyrogenic 
exotoxin A. Single-letter amino acid codes are used to 
indicate differences from the index sequence, entero- 
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toxin D. Dashes indicate gaps introduced to produce the 

optimum alignment of amino acids. 

Of particular interest is a sequence of at 

least eight amino acids, preferably at least about 12 

amino acids, in the sequence from about 1 to 100 
preferably 1 to 40, more preferably 1 to 27, of the 
enterotoxins, or sequence having at least about 70% 
hemology, preferably at least about 80% hemology between 
two or more enterotoxins, particularly including SEB. 

The subject compositions may be used in the 
suppression of rejection reaction in transplantation, to 
treat autoimmune diseases, rhinitis, exemia, asthma/ 
harmful responses to infectious agents, such as 

tuberculoid leprosy and to treat »n owi „ 

„. * allergic responses, in 

the case of suppressing the rejection reaction, 
transplantation of various organs may be involved, such 
as bone marrow, skin, kidney, heart, and liver. 

bv »«, ThS , 8UbjeCt Con, P° sition « ^7 be administered 

suTa^T Pr ° CedUreS Parenteral*, 

such as intravascular, e.g. intravenous, 

intraperitoneal, intramuscular, and subcutaneous. 
Depending upon the purpose for -hich the subject 
-»P-itions are administered, the subject compositions 
-V be administered prior to, simultaneously with or 
subsequent to the occurrence of the condition for which 
the subject compositions are administered. 

indiviH SUbjSCt COmp08ition8 «7 be used as 

^dividual compounds or combinations of compounds 
Depending upon the host, the range . - the su^ct' 
composition in providing immunosuppression, and the 
degree of immunosuppression desireo, one or more 
compounds may be involved. Th us, one or more of the 
ub ect compositions may be employed, by themselves or 
in conjunction with other aoent e « v 

.MrKers e.g. CD limmino ' ^ " to 
«-g. U3 , immunosuppression agents e rr 
cyclosporin, .ethotre^e cyciophosphLue «c 

antihistamines, corticosteroids, antiinflJLtorL ' 
non-.tiaulatory «, competitive binding proteiL 
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the like 

10 



l^T 11 ^' V-* 1 * 1 "*- «- combination, my ^ 

autoimmune and allergic disease. 

will d.~ T" fre,Uen0y Md <* administration 

W U1 depend upon the particular condition being treated 
the condition of the patient, the degree to whL 
^suppression is to be maintained, the effectiveness 

X ]T ^ '«P°»ds ployed, and 

the like Dosage will VMy ^ ^ on J 

factors, bat win generally be in the range of about 
weight "° b3eCt 0mPOm,dS »« 1 ° f *■* 

The subject compositions will normally be 
administered in a pharmaceutical^ acceptable carrier 
15 such as physiological saline, phosphate buffereH^L 
or other buffer solution. The concentration*^" ' 
sublet compositions in such liguid carrier „m 
generally range from about 0.05 to 2 mg/ml. other 

stabilisers, preservatives, osmoticums, etc whirl, . 

Tiie subject compositions may be nreoared 
variety of wavs P«r- prepared in a 

25 acids the Zh' / P * * ^ 30 

acxas, the subject compositions may be svnttem^ • 

accordance with conventional tec J£.T£ usl^ 
"idTare 0 T"" P-~ted am^I *" 

- La": seter.r to a : wort - — «- — 

'0 cha.n is co!^ chain - "henthe 
using synthetic technioues * Bv 

~- ~ rz be rrrr ir- 1 

recombinant technics may be emplo^eT^' 
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sequence encoding ,e desired amino acid sequence may be 
introduced into ar .-xpression vector and then trans- 
formed into an appropriate host for expression. 
Expression vectors may include a signal sequence which 
5 allows for secretion of the product from the host, a 
wide variety of expression vectors are commercially 
available or have been described in the literature 
which expression vectors may be used with advantage. 
Hosts may be prokaryotic or eukaryotic, particularly 
10 prokaryotic. 

In some instances, it may be desirable to 
mutate one or more amino acids of the peptide, usually 
not more than about 10% of the amino acids present in 
the peptide, more usually not more than about 5% 
L5 Generally, not more than about 1 to 5 amino acids, more 
usually not more than about 1 to 3 amino acids will be 
involved. The substitutions may be conservative or non- 
conservative, where conservative intends that the same 

0 T 0rmatl ° n ' 8iZe and ****** is evolved. 

0 That is, charged molecules will normally not be 

substituted for hydrocarbon, while polar molecules 

depending upon their conformation may be substituted for 

Lr ^ f ° r ""^ ffio1 -^ e.g. isoleucine 

for glutamine, asparagine for lysine or aspartic acid. 

The subject compositions may also be used in 
Zitro, where a mixture of T~cells are involved for ~~ 
determining the presence of the analogous variable 
regions to which the subject compositions bind. For 
example, by carrying out a control run in the absence 
of a subject compor -.ion and a sample run, such as a 
mixed lymphocyte reaction, a reduction in the amount of 
T-cel. responsiveness in the sample as compared to the 
control would indicate the presence of the complementary 
variable regxon(s) . The subject compounds may also be 
used to determine whether cells are capable of 
expressing CD28 by combining the cells with the subject 
composxtxon and assaying f or the presence of CD28 with 
- appropriate antibody. The subject compositions lay 
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also be used to determine regulation of expression of 
other receptors. 

The following examples are offered by way of 
illustration and not by way of limitation ♦ 

5 
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EXPERIMENTAL 



10 



15 



20 



25 



B (SEB) on the prolifera tive resp ons e of HA1.7 . 

The isolation and characterization of the HLA- 
DR1 restricted T-cell clone HA1.7 that recognizes the 
carboxyl terminus of the HA-1 influenza virus 
hemagglutinin (HA, residues 307-319) is described in 
^etal., Nature 300 s 66 . 69 (1982) . Lyraphoblasts 
activated with immunochemical ly purified HA were cloned 
by luting dilution in the presence of irradiated 
autologous peripheral blood mononuclear leucocytes 

GraT; T T lnt6rleUkln 2 ^ RPKI-1640 (Gibco, 

Grand Island, New York) supplemented with 10% human A + 



T-cells of HA1.7 (io 5 /ml) were cultured 
together with increasing concentrations of Staphylo- 
coccal enterotoxin B (5*10"* to 50„g/ml; SEB, Sig^a, 
St Louxs, Missouri, alone, IL-2 (10% v / Lymphocult T 
:t 8 V rankfUrt ' FSderal of clrmaly) and seb 

1 1 25 ? n *?T ° f hi8t ° COffi ^e irradiated pbmcs 
(1.25 x 10 5 /ml). Additionally, cloned T-cells t"/^ 
were incited in medium alone or with SEB for h 
,n the absence of accessory cells. After washing, the 
T-cell were cultured or mitomycin C treated murL 

nrzr ^ (io5/mi) puised - 

thymidine X^.^Jlf"" ^ 

U njiaR ' l ^Ci/ml; Amersham International 
Arlington Heights, m inois) was added ^ 

harvested onto glass fiber filters 8-16 hours iate r 
Proliferation as correlated with r 3 HlTdP 
was maasuro , k i • , f ]TdR incorporation 

measured by liquid scintillation spectroscopy The 
results are expressed as mean counts per minute (CPM) 
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15 



for triplicated cultures, m all cases the standard 
error of the mean <20%. 

HA1.7 when cultured either alone or in the 
presence of histocompatible irradiated PBMCs 
proliferated to Staphylococcal enterotoxin B (SEB) over 
a broad concentration range, but weakly to the response 
to the natural ligand. Responsiveness of the T-cells to 
exogenous IL-2 was marginally enhanced in the presence 
of seb. SEB was able to modulate antigen recognition by 
the cloned T-cells in a dose dependent manner, such that 
the T-cells were unable to respond to an immunogenic 
challenge of the appropriate ligand at concentrations of 
SEB <0.05 ^g/ml. T he failure to respond to antigen was 
not due to cytolysis since IL-2 responsiveness was 
maintained and at certain concentrations of SEB 
enhanced. This phenomenon of T-cell non-responsiveness 
is similar to that induced by free antigen in peptidic 
form (Lamb et al., (1983, supra, or antigen presented by 
chemically modified accessory cells (Jenkins and 
Schwartz, J. Exp. Med. 165, 302-319 (1987),. This 
suggests SEB is able to functionally inactivate human T- 
cells in a manner similar to that reported for specific 

Ti M1S ~ la *" ^ Ml8 - lb (Hammensee et 

al-/ (1989, supra,. • 25 

25 i 

Response, cpm [ H] -TdR* 

HA.1.7 HA1.7 + 
SEB C ° nC - - - ^ -1.0% IL-2_ HA1.7 + APC ?^3 7 0 ^g 

S.0005 g/ml 6 4 5 2° JJJ? |JJ 28689 

°'°05 32 57BG £22 31141 

60 fill HI 28701 

35 ?' 5 2764 »M5 an! ^ 

35 £ 4105 7613 Wit HQ 

4848 4358 g|| 



20 



40 



"cpm [^-thpoidine deoajnuriifcose incorporation 
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2. 



Functional inact*™^,, of T _ ri>1 , „, 

HA1.7 following expo^r. ^ cr : is a,.^^ „ T <^ 

modulation of CD3 and rn ? 5 e m r BSC1 'n. ' 

T-cells of HA1.7 were incubated for 16 hours 
5 with SEB, HA (307-319), residues 36 . 60 of per p n (from 
the house dust mite) at the following concentrations: 

Sxl0 - 4 " 50^g/ml at 10 fold increments; HA 307-319- 
50 /.g/ml; Der p II 56-60, 50 Mg Ml. control cultures ' 
contained insolubilized anti-CD3 (12 /.g/ml) and 1L-2 or 
10 medium alone. The cells were washed and stained 

directly with saturating concentrations of fluorescein 
conjugated murine monoclonal antibodies anti-Leu-4 
(CD3), anti-iL-2 receptor (CD 25) or mouse IgGl-FITC 

15 nT r °t (BeCt ° n DiCkinson ' ^^ain View, California) . 

15 Only viable cells, identified by their ability to 
exclude propidium iodide, were analyzed by flow 
cytometry using a FACScan (Becton Dickinson,. The cell 
population was analyzed by gating on the volume and 
light scatter characteristics. 
20 Aliquots of the T-cells (l 0 5 ml, from each 

group of treatments were assayed for their ability to 
respond to an immunogenic challenge of HA 307-319 and 
accessory cells (mitomycin C treated murine fibroblast 

25 T^T" HLA " DR1) ° r aCCe8SOry Cells - 
25 described above. 

Expression of the r i-Ti antigen receptor 
complex was down reflated fc.iowin, exposure J 
superantigen (<o.s ag/ml), which correlated with the 

30 \IT ^ T -° e113 *° P">l««ate to specific 

30 peptide, xncubation of the T-cells with £ 30,-319 at 
supra^ogenic concentrations, bu t „ ot the control 
peptxde of a relevant specificity, ,',o reduced 

7Z7 T* ° £ CM - Ti - Uth ^- -"-"on of the 
i5 IZ , \ I ° 1UbiUMd antibody and iw 

reel f 3 ^ °* U 8Urf - e ' kinetics^ 

recovery of antigen specific responsiveness was .ore 

m preoent a. 5 days. Concomitant with the 
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10 



modulation of CD3-Ti, expression of CD25 (IL-2R) was up 
regulated in SEB and HA peptide induced non-responsive- 
ness as well as activation. This suggests that the T- 
cell anergy induced by SEB is associated with the down 
regulation of the antigen receptor that is paralleled by 
enhancement of CD25 expression. 

3 ' The effect of SEB and peptide induced 
non-responsiveness on the phenotvpe of T-eell clona 
HA1.7 . 

T-cells of clone HA1.7 were incubated in 
medium alone, anti-CD3 antibody and IL-2, or with SEB 
and HA peptide. The latter two treatments were under 
conditions that induce non-responsiveness. The cells 
were washed and stained directly with saturating 
15 concentrations of fluorescein conjugated the murine 
monoclonal antibodies anti-Leu 5b (CD-2), anti-Leu 4 
(CD3), anti-Leu 3a (CD-4), anti-IL-2 receptor (CD25), 
using a mouse IgGl FITC control, or indirectly with 
anti-CD28 (9.3, Hansen et al., Immunoaenetiea ip_: 2 47- 
20 252 (1980)). Flow cytometric analysis was performed as 
described above. 

No co-modulation of CD4 with CD3 was observed 
suggesting that CD4 is not part of the antigen recogni- 
tion complex of this T-cell clone (Saizawa et al., 

25 Nature 328: 260-263 (1987,). However, the expression of 
CD2 both in activation and the induction of anergy is 
reciprocal to that of CD3. This suggests that the two 
populations of CD2 are modulated independently and may 
have different functional roles in the regulation of T- 

30 cell activation. 

The levels of CD28, a membrane glycoprotein 
associated with an alternative pathway of T-cell 
activation independent of antigen recognition by the 
CD3-TI complex (Gmunder and Lipsky, Eur. J. T*»nn„i 
142: 153-160 (1984); Martin et al. , J i _i mmu nol. 136: 
3282-3287 (1986) was marginally down regulated in both 
SEB and HA peptide induced non-responsiveness. 



35 
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Enhanced expression of CD28 was observed in anti-CD3 
activated T-cells. 

It is evident from the above results, that 
enterotoxin may be employed to provide for substantial 
reduction in immune responsiveness, in those situations 
where reduction in immune responsiveness is desired. 
Furthermore, the enterotoxin may be directed to 
specific variable regions of the T-cell receptor, so 
that only a portion of the immune response is modulated. 
Thus, the subject compositions may be used in the 
treatment of a wide variety of diseases, as well as in 
various diagnostic situations to determine the nature of 
the T-cell receptors present in a sample, the ability of 
the T-cells to respond to the subject compositions, the 
ability of T-cells to mount an immune response, and the 
like. 

All publications and patent applications cited 
in this specification are herein incorporated by 
reference as if each individual publication or patent 
application were specifically and individually indicated 
to be incorporated by reference. 

Although the foregoing invention has been 
described in some detail by way of illustration and 
example for purposes of clarity of understanding, it 
will be readily apparent to those of ordinary skill in 
the art in light of the teachings of this invention that 
certain changes and modifications may be made thereto 
without departing from the spirit or scope of the 
appended claims. 



30 
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WHAT IS CLAIMED IS : 

1. A method for reducing the immune response 
of a lymphocytic composition comprising T-cells, said 
method comprising: 

adding to said lymphocytic composition an 
amount effective to reduce the immune response of a 
Staphylococcal enterotoxin, active fragment or dermative 
thereof . 

2. A method according to Claim 1, wherein 
said enterotoxin is Staphylococcal enterotoxin A, B or 
D. 

3. A method according to claim 2 wherein 
said enterotoxin B. 

4. A method according to Claim 1, wherein 
15 the whole enterotoxin is employed. 

5. A method for determining the 
responsiveness of T-cells to immunomodulation by a 
Staphylococcal enterotoxin, said method comprising: 

combining said T-cells with said enterotoxin; 

20 and 

determining the change in the level of 
expression of said T-cells of CD3 and/or CD25. 

6. A method according to Claim 5, wherein 
said enterotoxin is enterotoxin, A, B or D. 

25 7. A method according to Claim 6, wherein 

said enterotoxin is B. 

8- A method for reducing the immune response 
in a mammalian host, said method comprising: 

administering to said host an amount effective 
30 to reduce the immune response of a Staphylococcal 
enterotoxin, active fragment or derivative thereof. 
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I. Claims 1-4 and 8 are drawn to a method for reducing the 
immune response of a Lymphocytic Composition comprising T-cells- 
by adding Staphylococcal enterotoxin. Classified in classes 424 
and .435 subclasses 92 and 240.2. 

; II. Claims 5-7 are drawn to a second method a method for 
determining the responsivenes of T-cells immunomodulation bv 
Staphylococcal enterotoxin classified in classes 435 and 436 
subclasses 7.24 an 503. 

• The claims of these two groups are directed to different 
inventions which are not linked as to form a single inventive 
concept. The inventions differ in method steps and detection 
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